HMUEFEARHM, 544 % 55 2/3/4 5, p.251-282, 1993

EER—ROMEEIE - KEEE & RILILRTERIS

foUg E RT

NakasiMa, Terumasa (1993) Reconstruction of the depositional circumstances of
the kuroko deposits in the Hokuroku basin. Bull. Geol. Surv. Japan, vol. 44
(2/3/4), p. 251-282, 22 fig.

Abstract : The Hokuroku basin with a circular form about 30 km in diameter contains
approximately 140 million metric tons of crude ore of the kuroko deposits. The
Neogene submarine felsic volcanism played an important role in the formation of the
kuroko deposits. Based on the voluminous geologic data in the Hokuroku district, the
geologic structure of the basin and geomorphologieal features of the Neogene
volcanoes have been examined to reconstruct the depositional circumstances of the
kuroko deposits.

The contour map of the surface of the pre-Neogene basements, which delineates the
bottom structure of the Hokuroku basin, indicates that the basin is depressed upto
2,600 m within the area about 30km in diameter. The bottom structure is fairly
complicated and exhibits the various scale of uplifts and depressions in details. Its
geomorphological features can be classified as follows.

Uplift 1 : —300~800 m (altitude). Marginal and/or outside uplift correspond-
ing to the main ranges in NE Japan of the Oou and Dewa
mountains.

Uplift 2 : —700~300 m. Parallel to the Uplift 1 and located along the margin
within the basin.

Uplift 3 : —800~—300m. A part of the inner basin uplift.

Small ridge : diverging from the Uplift 1 and 2.

Depression 1: —1,000~-1,800 m. 20Xx20~30X30 km?. The Hokuroku basin itself

or the Hokuroku ring-shaped depression.

Depression 2: —1,800~—200 m. 10X10km?.

Depression 3: —1,200~-100m. 2X2km?

Small valley : < 1km in width, 1~2km long.

Steep slope and scarp : dipping 20°~50°. Mostly correspond to faults.

The volcanism in the Hokuroku district includes the subareal as well as submarine
ones. The former is predominate in the early Miocene, Pliocene and Quaternary, and
the latter in the late early to late Miocene. Most of the Quaternary volcanoes preserve
their original morphology. It is comparatively easy to reconstruct the Pliocene
volcanoes, usually characterized by the felsic volcanics including welded tuffs which
filled -the calderas 4 to 16 km in diameter, and sometimes associated with the caldera
lakes. . The dome-shaped uplift resulted from the rising magma and the formation of
the ring dykes are also recognizable in the Pliocene volcanoes.

The geomorphology of the submarine volcanoes in the late early to late Miocene
has been reconstructed based on the isopach maps of the volcanics and the mudstones,
and also on the former lithology. The strata in this age are composed of the
alternating volcanics and mudstones as a whole. The alternation is essentially an
accumulation of the unit sequences that start from the volcanics-dominated part at the
bottom and end in the mudstone-dominated part at the top. The unit sequence is

* R IRES Keywords : Hokuroku basin, kuroko deposits, Neogene
volcanoes, basin structure, ore formation
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supposed to correspond to a change from the active condition to the calm one in a
successive volcanic activity. Throughout the strata five units can be recognized, and
the reconstructed volcanic geomorphology contains the upward-convex volcanoes, the
normally-shaped ones, as well as a various size of submarine calderas. The
Hokuroku basin is a kind of cauldron, a composite of these volcanoes and caldras.
The voleanic history in this age is summarized as follows.

Stage 1  Uplift movement (eastern part of the basin) — eruption of dacites =

formation of calderas — deposition of mudstones.
Stage 2  Eruption of basalts (northern part of the basin)
Stage 3  Uplift of easternside (western part of the basin) — eruption of dacites —
formation of calderas — deposition of mudstones.

Stage 4  Eruption of dacites = formation of calderas — deposition of mudstone.

Stage 5  Eruption of andesites —formation of calderas — deposition of mudstone.

There are close relationships between the surface geomorphology of the basements
and the site of the kuroko deposits. All of the biggest kuroko deposits such as the
Kosaka (Uchinotai and Uwamuki), the Sakanai and the Hanaoka (Doyashiki and
Matsumine) deposits occur in the Depression 3. Whereas the intermediate- and
small-scale kuroko deposits exist mostly in the small valleys located near the ridge of
the uplifts.

Depression 3 in Depression 1: Hanaoka (Doyashiki and Matsumine) - Shakanai -

Matsuki
Depression 3 in Uplift 2 : Kosaka (Uchinotai and Uwamuki)
Depression 2 : Komaki - Ohmaki
Small valley in Depression 1 : Ezuri
Small valley in Uplift 2 : Furutobe . Ainai - Kosaka-Motoyama
Small valley in Uplift 3 : Ishikura - Fukazawa
Small ridge in Uplift 3 : Nagaki - Taichi

Regarding the relationship of the kuroko deposits to the geomorphology of the
submarine volcanoes, most of the biggest deposits lie in the small calderas 2 to 3 km
in diameter formed near the sumit or on the flank of the volcanoes. The others are in
the small valleys 0.3 to 0.8 km in width and 1.5 to 2.0 km long, which are supposedly
accompanied by craters.

1. Caldera, 2 to 3 km in diameter : Kosaka (Uchinotai and Uwamuki) - Hanaoka

(Doyashiki and Matsumine) - Shakanai
Matsuki
2. Small valley, accompanied by craters : Furutobe - Ainai- Kosaka (Motoyama)
’ . Shakanai (no. 1-no. 3 ore bodies)
3. No obvious relationship : Nagaki . Taichi . Ishikura - Fukazawa- Ezuri-
Komaki - Ohmaki .

The kuroko deposits o¢cur on the top of the dacite volcanics in the unite sequence,
that is, at the end of a volcanic activity, and are finally overlain by the mudstone
layers in many cases. Due to the distribution pattern and thickness variation of the
bedded kuroko ores and the overlying mudstone layers, it is suggested that they were
settled down in the same topographic low less than 0.7km in diameter. This is
consistent with the fact that the kuroko ores were deposited within the small calderas
or craters. The depression with rather small diameter, practically comparable to
crater size, are presumably suitable for the emergence of the stagnant and anaerobic
conditions necessary to the precipitation, deposition and preservation of the kuroko
deposits.

The large areal extent of the Hokuroku cauldron and the voluminous accumulation
of the felsic volcanics throughout it indicate the presense of the deep-seated granitic
magmas with area almost equal to that of the cauldron under the same place. It is
concluded that at the each stages of the cauldron development the felsic magmas was
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supplied by the magma chamber, and at the last stage of the dacite activity the
hydrothermal fluids rising from it reached the sea bottom to emplace the kuroko

deposits.
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Fig. 22 Diagrammatic illustration of volcano-plutonic system of the Hokuroku cauldron
associated with the formation of the kuroko deposits.
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